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EDITORIAL 


As a result of the last committee 
meeting there is a slight change to the 
list of Club Officials in that Gordon 
Sharpley takes over the post of Membership 
Secretary from Nick Salmon, who has stood 
down after a long and hard-working spell 
in the post. Malcolm Sparrow remains 
Chsirman and sends this message to members: 


Dear Members, 


The first meeting of the new B,A.T.C. 
Committee elected at the September General 
Meeting of the Club was held at Wolverhamp- 
ton on December 10th last, 


At the meeting I was elected to serve 
as your Chairman for the next two years and 
I would like to draw your attention to the 
new list of Club Officers which appears in 
this issue of C Q- TV In addition to 
welcoming those new members to our committee 
I must also voice a sincere vote of thanks 
to those retiring committee members who have 
now stood down and thank them for their 
support and efforts during their term of 
office, 


Looking forward, the future holds a 
challenge to us all with a smaller 70cm 
frequency allocation in the U.K. for ama- 
teur vision of 432 - 4LOMHz, which we in 
turn have to share with the sound amateurs 
in 432 - 433.5MHz and the amateur satellite 
signals around 435MHz. 


On the brighter side by negotiation 
with the R.S.G.B, the 7Ocm beacon stations 
are shortly to be moved to around 432MHz to 
minimise interference with amateur tv. In 
all we should perhaps look to our own equip- 
ment and try to improve our atv reception 
techniques - why use a wide open front end 
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tuner and get co-channel interference? In 
all a narrower atv band on 7Ocm should lead 
to improvements in operating techniques too. 
With more stations becoming active and atv 
contests being organised, it is up to us to 
match the problems with new methods, 


As amateurs we experiment in the art 
of communication and yet, being honest with 
ourselves, we do not seem to communicate 
with each other very well. For a start, 
make a New Resolution for 1973 to let others 
know of your progress and problems. No doubt 
others have had the same problem and may have 
found the answer, To this end use C Q- TV. 
Air your views and news - it is your maga— 
zine so you should use it, 


We hold a General Meeting of the Club 
every other year and each time we usually try 
to suit the majority of our members by hold- 
ing it in London, I know that for some of our 
British members this is too far to travel, 
so why not organise-your own mini-Convention, 

continued on page 16 


CIRCUIT J: Lawrence GWEUGA'T 
NOTEBOOK Note 


ere Ss ing Ci The basic circuit is shown in Fig. 4a. 

The primary requirement of the line The transistor is used as a switch with the 
or field scan defleetion circuit is that line scan coils in the collector circuit. 
it should provide a linear scan and rapid To start with, let us assume that the 
retrace or flyback, base of the transistor is reverse biassed 

As the scanning is done magnetically, and that the collector is at the supply 
this means a linearly changing current dur- voltage. At the start of the line scan the 


ing the scan and a rapidly changing current transistor is switched on hard by a suitably 


during the flyback, i] 


Transistor Line S$ Circuit e 
Teaneietor Line Scan Circulte @ 9 +f} 
Most simple transistor line scan cir- (at | 


cuits rely on the linear rise of current 

that occur in an inductance (the line scan 

coils) when a voltage step is applied across 
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large positive current applied to the base. 
The collector falls immediately to almost 
zero volts and the scan coil has a voltage 
step almost equal to the supply voltage 
across it, 


The current through the coll builds 
up in a linear manner giving a substantially 
linear deflection. At the end of the line 
sean the transistor is switched off again 
by reverse biassing the base and the coll- 
ector once more becomes an open circuit. 
This causes the current and magnetic field 
in the coils to collapse producing a rapid 
deflection in the opposite direction and 
generating e reverse voltage having a high 
peak value as shown in Fig. 1b. 


A complete practical circuit of a line 
scan generator is shown in Fig. 2. In this 
circuit the line oscillator consists of 
Tri, Tr2 and Tr3 connected to form an as- 
table multivibrator. This is synchronised 
at line frequency by negative going line 
drive or blanking pulses applied to Ci. Em- 
itter follower Tr3 is included to ensure 
good waveshape at C5. The line frequency 
is set by RV1. 


The driver stage Try is turned off 
during the line period and on during the 
flyback, this results in Tr5 the line out- 
put transistor being switched hard on dur- 
ing the line scan period and cut off during 
the flyback. 


As previously mentioned, the current 
in the coils rises linearly during the scan 
until Tr5 is cut off again at the end of the 
line. In the practical circuit the coils 
are a.c. coupled to Tr5 collector by Cio and 
C14 and the d.c. feed to the collector is 
via a choke Li, This removes the d.c. com- 
ponent from the coils and allows symmetrical 
deflection. 


During the flyback the sudden collapse 


of current causes the scanning coils, in 
parallel with C7 the flyback capacitor, to 
oscillate st their natural resonant freque- 
ney, shown dotted in Fig. 1b. However, D2 
will not allow the collector to swing nega- 
tive and as soon as the negative half-cycle 
of the natural oscillation commences D2 
conducts, driving current through the scann- 
ing coils and starting off the next scan, 


D2 is forward biassed by the potential 
Givider R14 and R15 to ensure a smooth cha- 
nge over from reclaimed scanning current to 
current provided by the line output transis- 
tor Tr5. 


An additional choke L2 is provided to 
enable shift currents to be passed through 
the scan coils for picture centring. The 
SHIPT control is RV3, 


Scan amplitude is determined by the 
voltage applied to the output stage and 
this is adjustable by RV2 the WIDTH control, 


With a 12Volt supply rail and normal 
direct drive transistor type scan coils, 
this circuit, which is based on the Link 
101 Camera, will provide more than adequate 
scan for a Vidicon tube with integral or 
separate mesh. 


References Millman and Taub 
"Pulse Digital and Switching Wave- 
forms" Page 572 
McGraw Hill 
Instruction Manual for the EMI 
type 8 Camera 


Instruction Manual for the Link 
4101 Camera 


European Amateur 
tv Reporting System 


Picture Carrier 

BO Nothing receivable from the picture carrier. 
B1 A3 sound or speech audible, receiver on AM. 
B2 AZ sound visible, speech understandable. 

B3 Non-lockable picture visible, A5 rumble available. 
Bu Lines can be locked, A5 rumble loud, 

B5 Lines and picture can be locked, 

B6 Call readable. 

B7 Persons recognisable. 

BS Details recognisable. 

B9 Picture almost free from noise, 

B9+ Picture completely free from noise, 


N.B. The tv receiver is switched to AM for B1 - By 
Sound opi 


TO Nothing receivable from the sound carrier, 

T1 Test tones audible, speech unintelligible. 

T2 Speech sometimes understandable, 

T3 Speech understandable when picture is at black level. 

Ty, Speech understandable when picture contest is white. 

T5 Speech understandable if tuned for best sound. 

T6 Poor speech understanding if tuned for best picture, 

T7 Good speech understanding if tuned for best picture. 

T8 Sound almost free of distortions if tuned for best picture. 

T9 Sound completely free of distortions if tuned for best picture. 


Remarks 
Bi The tv receiver is switched to AM. The vision carrier is to be modulated by speech in the 
A3 mode, 


B2 Again the tv receiver should be switched to AM. Horizontal bars should appear on the screen 


if the sound is tone of 200 - 800 Hz. Whistling into the microphone is an alternative. 
B3 Syne pulses should be visible if the brightness is turned up. 
B4,5 It should be possible to lock both frame and line by careful adjustment. 
B6 The call sign should fill the screen, and it may be necessary to darken the shack to read it. 
B7 The picture should be of a well known person, such as the Queen or some local personality. 
B8 Scales, and the hands of, watches should be discernible. 


BQ 3MHz on 625 should be resolved. 
B9+ 400 v should be available from the aerial. 


ideas for Amateur 


Part 5 “saccr” 


GGADK’'T 


The amateur who hes managed to produce 
colour captions by simply feeding the out- 
put of a monochrome camera into the R,G or B 
input of a coder or a monitor will feel 
thst the next step should be to build a 
proper “synthesiser", where the artific- 


islly produced colours are infinitely 


variable, 

The synthesiser to be described splits 
the video input (from the monochrome 
source) into three levels, such thet a 
different colour can be set up for each 
level. A totel of nine potentiometers 
are thus required to control the colour 
output. 


Figure 1 shows the actual level split- 
ter. The video is first clamped, and then 
fed into two level detectors, the switch- 
ing level of which is msde variable by 
means of preset potentiometers, The out- 
puts from the two level detectors are then 
fed to a gating system; for output "A" 
(highlights) the signal is inhibited by 
blanking, but is otherwise unaffected. 
Output "B" (lowlights) is inhibited by 
planking too, but it is also inhibited by 
"A" thus producing a signel corresponding 


Colour 


only to lowlights, and not lowlights plus 
highlights as would otherwise be the case. 
Output "C", also inhibited by blanking, 
produces an output when “A" or “B" are in 
@ low state and thus produces a signal 
corresponding to the blacks, or background 
of the picture. 


Figure 2 shows the output stages. The 
nine potentiometers provide independant 
adjustment of the proportions of red, green 
or blue for each of the three levels, and 
are the controls which should be mounted on 
a front panel, The output filters are pro- 
vided to limit the frequency spectrum of 
the outputs to that corresponding to the 
625 line system bandwidth. 


With ecsreful use of crayons applied to 
& caption made with white "Letraset" to 
produce three brightness levels (i.e. black, 
grey end white) quite reasonable three 
colour captions can be produced using this 
synthesiser. Very colourful effects can 
also be produced by pointing the camera 
at an ordinary scene, and there is much 
scope for artistic experiments along 
these lines, 
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1972 atv contest 
results. 


A.T.C,. NATI NAL CONTEST 23 -2) -30 SEPT, 1 OCT. 1972 


SECTION ONE 
PLACE CALL POINTS No, of CONTACTS BEST DX No, STATIONS CALLED/AWORKED 
1 G6AEV/T Portable 4294 58 G6AFW/T 165Km 42-8 
2 G6AGT/T/A 3309 5u. G6AEV/T 135Km 5 - 18 
3 G6AFW/T 31402 34 GBARM 225Km 11-8 
4 GEKQI/T 1450 18 GBARM =203Km 6-9 
5 G6GDR/T 679 13 G60P8/T 46Km yn 3 


SECTION TWO 
1 G3BYQC 7i2 6 G6aAGT/T 68Km 


nN 
1 
f=) 


Some twenty one /T stations tock part altogether, with thirty one sound only stations. 
Conditions for the first weekend were above average, which added to the normal range expected 
for atv. 


It is a pity that so few stations submitted an entry, and it is hoped that more will do 
so with the atv cumulative contest now being held. Please note one omission from the published 
rules, in that there will be two sections to the cumulative contest:- 
A. For those stations transmitting atv 
B. For all others. 


The results of the September contest have been forwarded to our German friends, and we 


await the results of the International Contest with interest, 
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Receiving Amateur tv for the Beginner 
Using the Mullard ECL1043 Varicap Diode Tuner. 


by Malcolm Sparrow 


To receive Amateur Television these days need not be as hard as it used to be in the very 
eerily days when A,.V. had just started; in fact, using the new Mullard ECL 1043 tuner unit 
makes it just ebout as easy as possible. 


The one saying to remember when trying to receive any UHF signels is that "A chain is only 
pe strong as the weakest link in it". In other words, provided that there is an ATV signal 
on the air, to receive it one requires: A 70cm aerial, a coaxial cable to connect it to the 
tuner unit, a tuner unit, and a tv receiver. If any of the items does not function properly 
then the results will be impsired, 


IRSTLY THE  7OCM TAL 


These days it is rarely worth trying to design and construct your own serial. J. Beam 
Engineering Ltd. of Northampton produce a range of 7Ocm serials and the beginner would be well 
advised to start off by purchasing one of their aerials such as the 18 element parabeam (Cat. 
No, 70/48P,) price £7.45p, which has a gain of 17dB over a plain dipole. (Do not use their 
1h element skybeam aerial for ATV as this aerial does not have a suitable band width for ATV. 


Whichever aerial you finslly decide upon, the next thing to consider is where to put it. 
In practice it will pay to try to mount the serial so thet it is clear of all the roof-top 
obstructions as wet tiles can make quite considerable signal attenuation at 7Ocm. Also some 
provision for turning the serial should be made to enable an incomming signal to be peaked for 
maximum, This may not coincide with the most direct route to the transmission source. 


NEXT. THE AERIAL COAXIAL DOWNLEAD 


Having decided upon which serial to use and where and how you are going to mount it the 
next thing to consider is the coaxiel downlead. 


This should be as good a cable as you can obtain and afford. There is no point in erecting 
a high gain aerial only to loose all the signal before it gets to the tuner unit. One should 
use & good quality low loss BBC 2 type coaxial cable such as "Aerialite Type M4205 Aeraxial 
Cable", Thie is a 3 inch diameter coaxial with a cartwheel cross-section. That is, the in- 
sulator between the inner and outer cables is partially air-spaced. A point often overlooked 
when using this type of semi-airspeced coaxial cable is that although the air in these holes 
in the cable is dry when you purchase the cable new, it will soon become damp when connected 
to the serial way up in the air, 
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Whilst the cable will give first-class results when-first connected to the serial it will 
soon deteriorate in performance if steps are not taken to trap the dry sir inside the cable. 
This is simply acheived by cutting the cable to the required length to be used - always keep 
it as short ey practical and do not leave large lengths in use just to avoid cutting a run of 
coaxial cable - and then by melting the insulator at each end of the cable, seal each end to 
keep the dry air in the cable before attaching it to the aerial. This can usually be done 
quite easily by using a dry soldering iron, but take care not to let the inner and outer 
cables short out whilst doing this. 


NOW TO THE TUNER UNIT 

The Mullerd Varicap Diode Tuner Unit type ELC 1043 is available from Manor Supplies Ltd., 
at £,.50p each plus 25p post & packing. This tuner is built in s tinplate box with detachable 
sides and is tuned by varying the voltage applied to the Varicap diode in it; it should be 
connected up as follows: 

The aerial lead should be connected to the input terminal which is on one end of the unit, 
the outer of the coaxial cable being soldered to the tuner chassis, 

Next, refer to the pins and holes which are located in the base of the tuner unit between 
the four mounting lugs. Commencing from the end of the tuner which has the serial input ter- 
minal on it number these holes (some of which have pins in them) 1 to 11 and connect them up 


as follows: 


+l 2v 


IK PRESET 1OK 


“lav 


= PI PIN 5 
Tuner chassis AG.C. eke osc/mixer TUNE 


Transistor Supplies. 


The 1Kohm linear Variable potentiometer feeding pin 5 is the tuning control, whilst the 
4K preset control should be set to feed pin 2 with 3v +ve to the tuner chassis, The output 
from the tuner is taken from pin 10 with the braid of the output coaxial cable being connected 


to the tuner chassis, 
The output lead should be taken to the seriel input socket of the tv receiver and the 


receiver set to channel one. With the tv set turned on and 12v de. applied to the tuner (and 
the aerial connected to the tuner), you are now all set to wetch for ATV pictures provided 


that there are some on the sir to start with, of course. 
Once a signal has been received the I.F, output coil slug in the tuner can be tuned for the 
best signsl but there will probably be only e slight improvement. 


13 


This equipment will provide an up-to-date ATV receiving system which will be on a par with 
any valve tuner plus low noise transistor preamplifier, as the Mullard Tuner noise factor is 
quoted as being 8dB, 


It will of course be necessary to change over the detector diode polarity in the tv set 
and also the link time base frequency if you wish to watch 625 line -ve modulation ATV as the 
system Ss described is intended for 405 line +ve moduletion ATV ea mainly used by amatuers 
outside the London erea, 


Finally, do not put more plugs and sockets in your 7Ocm aerial down lead than absolutely 
necessary, as each time you use one you will lose a little of the signal, 


NOTE: If you want to tune the whole of the television band IV with your tuner it will be 
necessary to arrange for the tuning voltage on pin 5 of the tuner to be varied between 0. 3v 
snd 26y +ve, but the circuit as shown should tune the amateur 70cm band without any need for 
internal modification to the Mullard Tuner unit. 


References: J. Beam Engineering Ltd., 
Rothersthorpe Crescent, 
Northampton, 


Manor Supplies Ltd., 
472 West End Lane, London, N.W. 6. 
Mail order 64, Golders Manor Drive, London, N.W. 11. 


Data Sheet on UHF television tuner type BLO 1043 
Mullard Ltd., 

Mullard House, 

Torrington Place, 

London, WC1E 7HD 


THE C Q@ =~ TV _S.P.G. locking power are improved too, One alight 
At the time of golng to press 99 spg boards problem is that it seems to make the vert- 
have veen sold to B.A.T.C. members — toge- iesis pather kinked, There 4a no effect on 
ther with 47 Genlock boards, Who is going the Genlocking performance. 


to be the lucky fellow to gét number 100? 
This represents shout 10% of B.A.T.C. mem- 


bership. 

In reply to a mainslock modification ss sugg— "SLOW SCAN TELEVISION" 

ested by devid Wilkinson on page 32 of this Some members who have bought this booklet 
issue; this has been tried and found to work, unfortunately did mot receive an errata slip. 


It is not the complete answer though, The 
50#z phase modulstion is reduced from about 
i1us to about 8us but the pull in speed end 


Please note that in Pigure 10 on page 6, the 
bese of the BFX29 should be connected to the 
collector of the BFX85 and NOT to the emitter. 
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Slow Scan News 


Dear Fellow Slow Scanner, 

As you probably know Oscar 6 is now in orbit and several of us have 
had success in sending slow scan television through the satellite. On early evening passes 
we occasionally hear "G" signals on sideband and CW. We would very much like to work a slow 
scan contect with a DX station. 


If you are interested please drop me a line immediately. I suggest if you are interested 
that you sked me on 11.30GMT on Wednesdays on 14,230Kc/s and we can arrange for a contact through 


the satellite. Oscar 6 is turned on on Thursday, Fridays, Saturday and Sunday evenings as well 
as Saturday and Sunday mornings. This saves on battery power since one of the solar panels 

is having trouble. If you skeded me on Wednesday we would be ready for weekend passes. Another 
way to alert us is to contact the slow scan television net which meets at 1800GMT on 14230Ke/s 
each Seturdeay efternoon. I am one of the net controllers and can always be reached directly 

or by relay from the Atlantic coast at that time. 


The procedure for making contacts is to broadcast continually on your chosen frequency 
for the full 20 minutes of the pass and to check later to see if you were seen or heard, The 
early pass of the evening is the only one of that group where we have 4 chance of seeing each 
other across the Atlantic. WASUHV and myself are operating on 145.930 and 145.940 respectively. 
This brings us out st 29.480 and 29.490MHz respectively. If you can sked me I can slert you 
to the possible passes where we might have success. 


Please let me hear from you. Satellite communications are a great deal of fun and are 
very exciting. 
Don C. Miller, 
Waldron, Indiana, 
Box 95, 46182, 
U.S.A. 


OSCAR 6 


Oscar 6 was launched on 15th October 1972 from Vandenburg, California, piggy-back fashion 
with a weather satellite. The Oscar translator was designed and built by the AMSAT organisation, 
& group of radio amateurs dedicated to forwarding the technology of Radio Communications. 


The translator has an input band around 145.5 and an output band from 29.45 to 29,55MHz. 
All modes of radio communication can be translated. 


The orbit of the satellite is polar with an inclination of 101.73 degrees and a pericd of 
114.5 minutes. There is a telemetry beacon on 29.45MHz. The "CODESTORE" memory of Oscer 6 is 
capable of being loaded with ground based information while in orbit. WIAW, the official 
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American Radio Relay League station, constantly transmits undating information to all interested 
radio amateurs on the QST published frequencies. Announcements are made in both 'phone and 
RITY, 


The photos show WONTPs gear which made the first two way QSO through Oscar 6, The first 
contact was made on orbits 30 and 41 and by October 40 pictures had been exchanged with 
WAQUHV, The gear at WONTP comprises a Heath SB101 high frequency transceiver with 30w out, a 
homebrew linear 100w 2m amplifier with s 4CX250 in the final, a 10 element vertically polerised 
em antenna, roteabdle in azimuth only, a 10m 4 element rotable Yagi, a NX-303 National Hamband 
receiver on 10m and a4 homebrew sampling SSTV camera with 7 inch monitor, Similar equipment is 
used at WAQUHV except that the aerials are rotable in azimuth and elevation, 


‘ONTP reports that QSB is so severe that it is difficult to get even one complete SSTV 
frame, The main problem seems to be “power robbing" by other stations, but as can be seen by 
the photos (see this page and the front cover), some success has been possible, 


ROBOT EQUIPMENT (especially Camera Model 80) 

Richard Thurlow, G3WW, of Wimblington, Cambridgshire has sent us some information about a new 
specification for SSTV, as used by the M.P.T., resulting rrom some considerable correspondence 
over the last few months. This is how G3WW tells the story. 


"To those of you who I have pestered for information by phone calls, cablegram and letters 
as to why and how the ROBOT camers with its 128 lines is allowed to be used universally in both 
the 60Hz and 50Hz AC Mains areas of 120 lines stendard, I hasten to report that efter passing 
on to London the excellent information gathered, especially from K6IV himself, W4BW the Chief 
of the Amatuer and Citizens Division of the FCC. thro my good Attorney friend of 1960 Washington 
DC visit W30Z/4, and KiPLP Asst. Tech Ed. QST who reviewed the ROBOT equipment, that in the USA 
the 120 line standard is one adapted by the US Amateurs and is not regulated by the FCC, and that 
ROBOT have departed from the accepted standards in two respects on the grounds that the perform- 
ance is improved end the signel from the camera is received well by all monitors i.e. 128 lines 
per picture and Vertical syne pulse duration 66 milliseconds rather than 30 milliseconds, I have 
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today received permission from the Ministry of Posts and Telecommunications (per Mrs. A.I. 
Campbell) to use SSTV under fresh conditions. 


‘our engineers have now reviewed the technological aspects of the equipment required to 
meet our specifications and I have pleesure in advising you that we are prepared to grant you 
permission to use the following bands: 7-7.10MHz, 14-14.35MHz, 21-21.45MH2z, 28-29, 7MHz, 
4144-146,0MHz two year period etc. F.S. Enclosed is a copy of our revised specification which 


covers ROBOT So’, 
SLOW SCAN TELEVISION SPECIFICATION 


Number of lines per frame 428 + 8 lines 

Aspect ratio 1:1 

Horizontal frequency (frame) 163 7 4Hz 

Vertical frequency 7.68 secs. (limits 6.79 to 8.68 secs.) 
5 milliseconds 

30 milliseconds (nominaliy) 


Horizonteal sync pulse 
Vertical sync pulse 


F.M. subcarrier sync 4 200Hz 
bleck 1500Hz 
white 2300H2 


Those of you who were NOT pestered might like to know that the necessity for all the above 
arose from the fact that when applying to transmit SSTV I (and as later discovered G3NMH, also) 
sent up with my application ROBOT's printed brochure packed with their Model 70 Monitor WHICH 
SETS OUT THEIR SPECIFICATIONS FOR USE WITH USA 60Hz AC Mains ONLY; permission could not be 
granted ON THESE FIGURES; ability to perform on 50Hz AC Mains quickly explained by provision of 
‘a changeable jumper' in the ROBOT Camera, but there remained the 128 lines against the world 
wide adopted 120 lines. 


eR eS I SS a A a ee ee 


Get some ideas from other members in your address is on page 1, and this time we have 
area (the Treasurer will tell you who they a little extra to ask of you. To enable 

are) and we will try to get at least one us to bring our records up to date, if you 
Committee member to attend to bring you up have a4 Postcode, could you let us know 

to date. Just give us a reasonable amount what it is. Also, if the address on the 

of notice; remember it takes approximately envelope you received this C Q - T V in is 
ten weeks to get a letter into print in wrong in any way, please let us know about 
6Qqerv. that too, This will help us, the Post Office, 


Finally may I wish you all you wish and ultimately, yourselves. 


yourselves for 1973 and here's to a more 
successful, and dare I say, colourful atv 
year to all our members and let us all 


At the next vhf Convention, to be held 
as ususl at Whitton, B.A.T.C. would like to 
have en organised display, if at all possible. 


remember to try to communicate, 
Malcolm Sparrow G6KQJ/T 


Hon. Chairman B.A.T.C. 


Once again subscriptions are due - 
it is only one pound, after all. And those 
who don't pay, won't receive C Q-TV. 
Please send to the Hon Treasurer, whose 


Dave Lawton G6ABE/T has taken on the resp- 
onsibility for coordinating the effort, so 
if you will be there and would like to help, 
or have some equipment you would like to 
show, please contact Dave - his address is 
printed on page 1. 


THE EDITOR. 
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A Flying Spot SSTV 
B.J. Arnold M.A. G3RHI Sca nner 


This article concentrates on the electronics of the scanner rather than the optics, It 
has been used at G5RHI without an optical system to make tape recordings for transmission by 
placing cutouts directly on the face of the station SSTV monitor tube. The contrast control 
on the monitor is turned right down and the monitor raster is synchronised from the sync pulse 
generstor in the scanner, Thin card cut-outs or transparent acetate with black letraset letters 
are placed firmly on the tube and the 931A is stood about 12 inches away. Care is taken to 
minimise light leakage hetween the card or acetate and tube but provided this care is taken 
good black snd white captions and simple cartoons sre recorded. An optical system using 35mm 
transparencies would be a real improvement but so far the search for readily available parts 
for an easily built lens and transparency changeover system has not been successful. By con- 
trast all the parts for the electronics sre readily obtained. 


The power supply is conventional, The Crofton Electronics transformer, though not essen- 
tial, might well have been designed for the job. The 12 volt supply is standard, The 5 volt 
regulstor was placed on the modulator printed circuit board and wired in permanently to mini- 
mise the risk of connecting 12 volts to the I.C.s. The photomultiplier EHT is a standard full 
wave voltage doubler connected to the 200+ volt HT winding on the Crofton transformer. The 
iosad is a modest 1mA but safety precautions should be taken since with this transformer the 
EXT voltage is some 480 - 500 volts. 


This is enough for the 931A, Higher EXT can be used so long as the total voltage is mea- 
sured and the resistor connected between X and the EHT calculated so that the total current 
through the chain is {mA using the values in Figure 2. With EHT connected the tube should not 
be fully exposed to dsylight or bright light. One of the old 41% inch coil forms or a piece of 
pisetic tube with 4 strips of foam draught excluder inside make a good shroud. The output 
voitage of the tube is negative and a positive voltage is needed to drive the modulator, The 
2N3619 buffer also conveniently inverts the signal polarity and its 2Mohm input control should 
be readily adjustable. Screened cable is used between the FET and point B on the modulator, 


The modulator circuit ineludes 6 syne pulse generator.T/7and TS square the 50Hz voltage 
which is divided in IC3 by 3 and shaped by IC2 to provide line sync. ICh and 5 together divide 
by 120 to give frame syne shaped dy ICi. The heart of the modulator is the multivibrator 
around T3 and Tk. A ganged pot is not available for P3 and Pk but the adjustment of separate 
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pots in etep is easily done. 15 is e buffer and a square wave is present at the ccllector which 
is followed by a low pass filter. The result is a sine wave at the base of T6 which is an amp- 
lifier to make up for the losses in the filter. On receipt of a sync pulse T3 and Th must pro- 
duce 1200Hz, and black 1500Hz and on white 2300Hz, 11 and T2 provide the means of varying 
voltages to control this frequency. To set up the modulator a frequency counter is essential, 
For initial adjustment the 2N3819 is disconnected from point B and the SPG is disconnected from 
point A. The black pot Pt is then adjusted to give an output of 1500Hz. Point TP is then sar- 
thed and the sync pot P2 adjusted to give 1200Hz, The FET output is then connected to point 

B with the 931A covered to simulate black, FP is readjusted since the frequency will rise a 

few cycles in response to the 0.5 volt or so always present at the PET output. The tube is then 
expased to a bright continuous raster in a dark room and the 2M pot adjusted to give 10 volts 

at point B. The CRT bvrightness control is set at a sensible working level without any colour 
filter. P43 and Py are then adjusted to give 2300Hz. ‘Thus the multivibrator cannot go above 
this frequency since the maximum voltage is controlled by the 10K resistor connected to the 

42 volt supply and thereby determining the FET operating point. The biack and syne frequencies 
are then rechecked by the original procedure since adjustments are to some extend interdependant. 
When completed the SPG is reconnected to point A. Prior to this the SPG outputs can be checked 
on & scope for voltage and length of pulses. Even with the so-called new but cheap I,.C,e there 
should be some 2 volts at point A and only 0,6 volts is needed at the base of Ti. T1 is 9 
transistor switch which on receipt of a sync pulse bottoms its collector to achieve the same 
effect as earthing TP during the setting up procedure. Throughout ail adjustments 4s small 
speaker connected to the transformer wads it and gives a good indication of success or lsck of 
it. The unit is now ready for operation. The Mark 1 version wes built on an open chassis while 
Mark 2 was built in a diecast box with a rectangle cutout to expose the sensitive area of the 
9314. 


Lucky the operator who has two monitors or a monitor and a separate CRT unit producing a 
raster, With the raster set up in the dark about 12 inches away from the 93514 and synchronised 
from the modulator s facsimile of the card cut-out or transparency placed on the face of the 
tube can be seen on the monitor to which the modulator is connected. If a second monitor is 
not available patience is necessary while the picture is tape recorded and then played back on 


see text 


100K 33K 
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the monitor originally used to provide the rester, Although time consuming, with experience 
results are good since the only two variables are the CRT brightness control and FET input. In 
practice the FET is set and the brightness is varied. Operation is best done in the derk so 
tape recording rather than direct transmission is more convenient, 


FOOTNOTE: The author has a few printed circuit boards for the combined SPG and modulator 


priced £1.60. P1,2,3 and h are available fitted to this board at 4Op the set. The 931A and 
base are stocked be Henry's Radio, 


100.9 By 127 


QQQVO0V 


Ti 


VR_RS components MVR 12 
Bridge _RS components REC 60 
Ti. available from Crofton Electronics same as Camera Kit Transformer 


Fig.3. Power supply 


NEWSFLASH 


A TV Convention is to be organised in 1973 to take place in Germany. 5.A.T.C. members who are 
interested in attending this Convention should contact the organiser Manfred May DCG6EU, 
Caesarstrasse 13, Bayenthal 51, D5000 Koln, Germany for details. 
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For a normal low-frequency amplifier it is the latter 
term wh $s ignored, Hence G = v/v = -R, / R. 
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Now B = 8, /@, + Rp)y so the actual closed-loop gain G is :- 


Por the non-inverting amplifier G ia:- 


i (+3 1 ae 


These equations ‘show that the closed-loop gain is reduced 
if the open-loop gein is reduced, 


Loop Gain 


The factor AB in these equations is called the loop 
gain and is an important factor in amplifier calculations. 


The error in closed-loop gain due to a finite open— 


loop gain is := 
1 a 
1+ 7B” B+ 1 


which is approximately 1 —- 1/AB 


If R&/Ri is greater than unity, B is approximately 
R4/RP and the loop gain A/G. i.e. AB = A/G (A-G in 4B) 


Bandwidth 


Por a practical Op. Amp. the open-loop bandwidth is 
that frequency at which the open-loop gain is 3 dB down 
on its value at low frequencies and a typical characteristic 
is shown for an amplifier containing a single time—constant. 


The final slope ia -6 dB/octave (which is 20 a3/decade) 
and is knewn as the asymptote. The 3 dB frequency, which 
ts at the junction of the -6 dB/octave and initial asymptotes, 
is ®, and is kmown as the break frequency or break point. 
It is determined mainly by stray capacity, Miller effect, etc. 


The diagram can be simplified to the asymptotes only 
and is then called s Bode plot. Such a reducing response 
is always accompanied by a phase-change - in this case 90° 
lagging due to capacitor Cs — but transistors themselves 
do have phase-changes at very high frequencies. With o 
resistive NER network the phase, in this example, will not 
reach + 180° and the system will not oscillate. 


The closed-loop gain depends on open—locp gain as we 
have already seen and to give an expression for the closedi— 
loop gain of such an amplifier we have only to include 4 
factor for the H.F. loss due to a CR network. 


This is :- A A 
iy 
Le ju/ag 
The closed-loop gain is :- 
1 
Ga-Rt 
Ri Ane 
Au 5. 
which becomes, G =a RF 1 


Ril a + 1 + j(o/u) 
AB 


The closed-loop 3} dB frequency, #, is obtained by 
equating the resl and imaginary parts of the denominator ;— 


Sem: 


so @ = % (1+ 43 ) 


= 
Se 


AB 41 = w/w, 


This shows that the bandwidth of the closed-loop gain 
is greater than the open-loop bandwidth by an amount w,.AB, 
or the original bandwidth miltiplied by loop gain. 


OPEN -LCOP GAM 


&&, 
neafa s 
ke 2 Gb AS 
Above “scr A and G ars equal and locp-gain is sero. 


The loop gain is seen to be maximim between d.c. and w, 


and then to reduce at -6 dB/cotave to nero at oon 


Theat is, it reduces because the open-loop gain reduces. 
This is important in NFB systems because the improvements 
in stability, output-impedance and distortion are all directly 


proportional to loop gain. If there is no loop gain ( i.e 
no NFB ) there can be no improvements) 


= Ac/e = (Aa/A)/AB 
Output-impedance,, « 20g, / AB 


Distortion, = Do /AB 


Stability, 


Simple Lag Compensation 


Unfortunately, mlti-stage amplifiers such as Op. Amps. 


do not have just one break frequency —- they have many; and 
as each has a 90° phase-shift capacity, the amplifier is 
virtually certain to have a gain greater than unity where 
its phase-shift is + 180° (the conditions for oscillation) 
aven with resistive NFB. 


A milti-stege amplifier response is depicted below :— 


Rint y 


Cont, 2 Coats 
ee en 
Qs; Qn Wey 


Designers of Op. Amps. endeavour to place the natural 
breaks due to stray capacities, etc., in ascending order 
through the amplifier so as to keep the distortion and 
noise problems te a minimum. Such an amplifier gives rise 
to the following diagrams. 


As 
A 


ay . 


We — = — — — ee ee 


—AFe 

It will be seen that the individual gain and phase 
curves add together and that the = 180° condition occure 
for the -12 a3/ octave slope. 


If & line representing a closed-loop gain, G, is drawn 
om this plot to intersect the curve of open-loop gain, A, 
st any place other than the ~ 6dB/octave portion, then the 
amplifier may oscillate, Thia is a general rule for tne 


stability. G mist not cross A with a junction slope of 
more than 6 az/ octave, 
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Thus G has a minimim value which is still a considerable 
gain. This is clearly inconvenient as the most useful Op. 
Amp. functions are obtained when the gain is around the unity 
level, O dB. 


How do we get rid of this excess gain 7? 


The easiest method is to shunt away the very high 
frequencies with a4 single capacitor and this is the principle 
of frequency compensation. 


Frequency compensation enablesthe closed-loop gain to 
be reduced at the expense of the bandwidth of the open-loop 
gain and this is effected by adding a capacitor to a certain 
point in the amplifier — usuelly @ base circuit - to form a 
kmown break frequency or a phase-lagging characteristic. 


The characteristics of a CR network are shown below i= 


Rit 


The effect on the Op. Amp. response is shown in the 
next diagram. To get the optimum effect the -6 ab/octave 
slope of the capacitor network is arranged to coincide 
with the first break point of the Op. Amp., ys Where Guin 
intersects with it. 


The new response extends to w 


because w 1 
exists. 2 


no longer 
However, » . is unchanged, (although 


A is lower) 


The curves simply sdd to give the total gain. The 
effect of the lagging network is to reduce open-loop band- 
width and closed-loop gain (hopefully to below 0 dB)atw.& 
dows not affect closed-loop bandwidth but does increase 
loop gain below Mat 


Css can be calculated from the expression := 


YOR, 4 = 0 


fo} Mor 


1 + AB 


G atte and lag 
network cross 


For more feedback and less closed-loop gain C will be 
larger. 


Unfortunately however, the closed-loop gain G is still 
likely to be grenter than unity by quite a considerable 
amount. Luckily there is a better way to overcome this. 


MaximumHandwidth Lag Compensation 


This uses part of the response of the Op. Amp, to 
attenuate the loop gain by putting a series resistor with 
the compensation capacitor. 
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re w= Y/R, 
ioe 5 = 1/cR 
A Attenuation H =R+R, 4 
‘oe z 
° —_|—_—__}+-_—_ or Ricof Bl if atten,is lerge 
Oy 2 (Pole, Cent “= #) 
z 
int Ue 
°°. B 
c 
Se ob Cnt 
° syguaie? : Rent 
-90 
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The phase-shift of the combination returns to zero 
shove ®, ‘The extra sttenuation of this method is 
arr so that the original second break point, w ., 
is pushed below the required value of closed-loop eftn 
whilst > is made the same as the original first break 
frequency woe 


The values of C and R are found as follows :~ 
The required attenuation, H = pe = R+¢Ring (dB) 
Py —— es 
1 R 
which is approximately R,,//R if the attenuation is large. 


But, =¢ and Gog =A- AB 


H = Susy req 
BO HeGi- (A - AB). However, Sain An ®50/% 1 
80 Rk sA- ®,of 0.) -A+AB « AB- ®oo/9 
Thus R » Rint 


AB %02/ o1 


CG is found from w, = 1/CR, and since w, = ®. 


reqd 


ae 1m.) -R 
—————— es 
General formile which allow for phase margins, etc., 
are t- 


RB 2 20(1 + Rt/Ri) A C = (1 + Re/Ri)/100 pF 


ere 


This method of frequency compensation gives the same 
maximum closed-loop bandwidth as before but enables G es 
tc be made whatever level desired - at the expense or™ 
open-loop bandwidth, The original -6 aB/os tave slopa 
and the added slope are made into one long slope of -6 anf 
octave ( to Wyo) 


Input Leg Compensation 


Simple and Msximim—bandwidth lag compensations both 
have the effect of slowing down the Op. Amp. in such a 
way that maximum output cannot be obtained at h.f. no 
matter how hard it is driven. This is due to the lag 
capacitors being charged and discharged from relatively 
high-impedance sources within the Op. Amp. One way to 
overcome this problem is to put the compensation elae— 
where - at the input. This also has the advantage that 
the compensation no longer depends upon the Op. Amp. and 
the values of R and © can be made constant over 4 range 
of closed-loop gain. 


Consider a non-inverting amplifier with R and C 
added between the input terminals of the Op. Amp. :—- 
Rp = Rik? 

Ri + RP 


B=_Ri__ = Rp 
Ri+Rf Rf 
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Some basic miationships are :— 


Fie a 


Rp + 


5 Tae ny 
7 V3 a 


Hi «Io + If, 


“nw TARi we RI(Io 4 If), Yow An, 


Also v. « A.Ic(R + 1/jw0) i.e. A times the voltage between 
the two input terminals. 


So v= Ri.Io + Ri (v, -v,) 
n Tn 
= Ic.Ri + YorRe - ‘mB 


Vv + ¥,.Ri = Ic.Ri + v_.Ri 


o RE 
ee (2 + B)« Ri (2 +3) 


\ 
#0 v= RilIc + =3) Ri.Rf (1 +_9o 


1 + Ri Ri 


= Ri(te.Rf + Yo) Hance “n = B(Ic.Rf + %o) 
i + kf 


a ™ or Ic(Rp +R 4 1/jwc) = “i - Yn 


+ Rf 


but To « i n 


Rp + 8 + 1/300 


So IolRp +B + 1/jwC) » “i - B(To.RE + Yo) 
= Yi = Bolo RP = B.’o 
1o(Rp + R + 1/jw0 + B.Rf) ME. = iBNG 
Now “o = A.Ic(R + 1/$wC) or Ie » Yo/aA(R + 1/jwC) 
and B.Rf = Rp, 


60 s=— 


Yo . (Rp + B+ 1/juc) = “i - B.%0 


AUR + 17 jac) 


« (2hp + R + 1/jwe) +e" 


v 
°| i 
bic > 1/300) 


Gain =v) 1 
% i W(eRp + BR 1/juc) +B 
ACR + 17 jut) 
A. R wo 
ORp + R + 1/ jwd 
= 
1+A.B BR 


1 jwo 
2hp + R + 1/jwC 
Comparing this with A 

1+ A.B 
there is a modifying factor :- 
R + 1/jwl0 

OHP + BR + 1/ joo 


which is the expression for 
the gain of an amplifier, 


This factor is svaluated in the same manner as before 
by equating the real and imaginary parts of the denominator, 
but in this case there are two break pointe. 


_lo = 2p +R ,orR, so 1/w,0 = 2p +R 
wt 
and 1/06 =R 


Therefore © « 1/w,(2Rp +R) or CG = 1/wR 


for the upper and lower pointe. 


Now 1, (2Rp +R) = 1/aR so wR = @)2Rp + 0)R 


and R(w, -w,) =0,,2Rp, R= 2Rp,_“2 
as eae 
oy 
R= __2Rp 
t 
ae 2 
is 


wn wy, 


It will be seen that these two formilm are not dependant 
on the Op. Amp. As in the case of the maximunm-bandwidth 
lag compensation We should be put at the original first 
break frequency Out 


ary/'as in dB gives the necessary attenuation in dB 
required to lower the minimum stable closed-loop gain 
to the desired value. 


Rence R is also 2Rp/(H - 1) 


The values for a 702 (see also further on) are given 
as examples :- 


Gun 38 +40 dB, for a gain of O dB, H = 40 


For a gain of 0 dB,Ri « Rf = 10K. 80 R&10,000/40 


= 2502 
(the actual value is 220 9 to give = phase margin) 


C= 1/a,R t/a Rk a1 / 4x 10°.250 = 1 oF 


This method of compensation has two disadvantages 
when used with voltage-followers. A value of Rf has to 
be included, and at h.f. the very high input-impedance 
becomes low as C becomes low impedance. 


Lead Compensation 

Most of the higher-performance Op. Amps. have two 
terminals. between which may be connected a capacitor to 
give phase advance or phase lead, 

This requires a split series resistor between stages 


within the Op. Amp. The ratio of R to BR. sets 
the attenuation. pe Li 


Rind 


a Lyd 


Rusty 
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, is placed at the second break frequency of the With simple lag compensation, 0.1 pF to earth gives = 
Op. . and the required attenuation is 53/59 (4B). 0 a8 bandwidth of 509 KHz and w is at 250 Hg whilst A is 
This places ®, at 43° 70 4B. This form of compensation ia thus ideal for 1.f. 


integrators or other 1.f. applicstions, but little elses. 


With maximum-bandwidth lag compensation the 0 dB band— 
Hence C = Yor Ring = i/o 3 2int which is small. width is raised to some 4 MHz. , is now 50 KHs and w, 
8 800 KHz. i.e. a four-octave imprdvement giving 24 dB ér 
attenuation. C is 5 nF and R 40 9. 


The effect is to make a long slope of -6 dB/octave 


from, tow, and to push the -12 dB/octave slope up 


Por a 20 4B closed-loop gain C is 1 nF and k 2202 
tow 2° In Pact, there is no -12 aB/octave slope at all, 


giving a bandwidth of some 6 MHz. 


For 40 dB gain C is 100 pF and R 2.2 Kh and the band— 
width is 7 Mis. 


Generally for the 702 the values of C and are given 
by t= 


R= 20 1 +a) Q 
Ri 


c= 0.01/(1 + Be/Ri) pF 


With the 702 using lead compensation, the closed-loop 
bandwidth is some four-times greater than using lag comp- 
ensation only, but some lag compensation is required below 
40 aB closed-loop gain. 


READ Comp. 


This extends the bandwidth in the same ratio as the 
open-loop gain is reduced. The new closed-locp gain can 
be lower vy twice this amount and the loop gain greater. 


This method of compensation gives a wider closed-loop 
bandwidth than that provided by lag compensation, but a 
compromise between this and a higher loop gain (and less 
noise) is possible by using smaller amounts of both lead 
and lag compensation together. 


It ie not easy to achieve satisfactory performance 
With lead compensation alone as #, has to be placed with 
fair accuracy and this is not easy at the higher frequencies. 
It is all too easy to get part of the -12 octave slope 
above Sin if C is made too small. 


Phase margin Typicel figures sre :- 
As a guide to a typical Op. Amp. response, the 02 RE 10 KN, C, 50 pF, Gain O dB, Bandwidth 23 Miz, R 200 0, 
has the following values :- and ¢ 1 nF. 
o 
Ct 800 KHz, wo5 4 Mc, 63 40 MHs, and -150 


RF 10 Kn, eg pF, Gsin 20 dB, Bandwidth 26 Mis, 
occurs at 14 MBs with a gain of +35 dB. Lf. gain is 70 dB R 200M and C1 HP. 

go that the loop gain maximum is also 35 di before oscillations 

ean occur. In actual practise the loop gain cannot be made Rf 10 KN, C, 50 pF, Gain 40 dB, Bandwidth 28 Miz, 
higher than 20 dB without causing a response peak in the R and C not pequtred, 

closed-loop gain due to an inadequate phase margin. This 

means that -6 aB/octave slope is not approsched closer than 

some -} dB/ootave (it is after all 4 smooth curve and not A low-priced Op. Amp. with no built-in compensation 
an asymptote in reality) is the 702. This has two terminals for compensation 


98 which aré labelled LEAD and LAG. 
Practical compensation (using 702) esd Lies 


In all the previous explanations the phase margin was 
ignored (4.¢, it was sero) but in practise a phase margin 
of lees than 90° wil] cause a peaked response at the atten- 
uation point. A satisfactory margin value is 45 giving « v m ‘ ; 
+3 dB vesk. hie corresponds to a loop gain of 20 dB with point in the amplifier 
the 792. 


i the lag 
With some other types of Op. Amp. (e.g. 709) 
compensation capacitor is not eartned but returned to encther 
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Load Capacity 


The capscity of the load on the output of the Op. Amp. 
has an effect on the phase of the NFB at h.f. and the lag 
due to this is effectively added to the phase curves for 
the Op. Amp. 


It can be minimised by increasing the phase margin by 
increasing C and decreasing R (both by a factor of two or 
more) or by putting a small capacitor across Rf to give 
some phese lead to effect cancellation. 


Slew-rate 


Not the mortality-rate of Op. Amps., but an expression 
for the maximum rate-of-change at which the output of the 
Op. Amp. can change in response to a step-funotion input. 
- i.e. the gradient of the slope. 


The signal rate-of-change is 
directly proportional to the ampli- 
tude but the Op. Amp. with lagging 

- capacitors has to charge and dis— 
sa ‘Ve charge these at the signal rate and 
there is a limit to each particular 
point in terms of charging current. 
If this rate is exceeded then the 
Op. Amp. cannot catch up with the 
signal until the signal slows down again. ‘This effect is 
arpressed in Volts/pe. 


At high frequencies than, there has to be a compromise 
between amplitude and frequency - you can't have both. 


The slew—rate and the bandwidth are often quoted 
Seperstely from the full—output maximum frequency which 
can be very miz-leading. Likewise the slew-rate is 
often queted at a high gain figure instead of dunity 
gain where it is much less. 


Maximum-frequency for full cutput,with no distortion, 
and slew-rate are related by the equation shown below 
(the gain being unity) :- 


= OV = enf.V 


Slew-rate S = bs Yo 


Stay 
Roise and compensation 


The compensation network affects the noise performance 
aa laggine compensation attenuates the h.f. components of 
both noiee and signal. 


Input lag compensation actually worsens the signal—to—- 
noise ratio since the network does not attenuate Op. Amp. 
noize - only aigal h-f, A factor of 20 dB is typical. 


At unity gain this may be even more. 


Noise and Slew-rate performances therfore are both 


dependant on compenftation in opposite ways and a compromise 
may have to be reached in some applications.by using both 
typea of compensation. 


A typicel performance of the 702 ia givens— 


Lagging comp., Bandwidth 10 KHz, Slew-rate 0.35 V/ps, 
Noise 15 pV. 


Input comp., Bandwidth 800 KHz, Slew-rate 30 V/s, 
Noise 170 pv. 
(both at unity gain) 


The 741 has « slew-rate of 0.5 V/us which gives a 
unity gain bandwidth of 22 KHz. This is not mich use for 
TV work as it is generally assumed that some ten harmonics 
are necessary to reproduce a waveform faithfully 


This realiy confines the use of the 741 to d.c. and 
1.f.. It is difficult to get one to handle a line-rate 
sawtooth waveform with any satisfaction. 


The 741 is a very useful Op. Amp. though despite this 
drawback as it has no compensation to worry about. Quite 
literally it is used without worrying about other components} 
ag in the voltage-follower where there are indeed none at all. 


All this compensation may seem a bit frightening but it 
is made very simple for us by the manufacturer. All we have 
to do is to look up in his tables our value of G and read off 
the corresponding values of C and R for the different types 
of compensation, Of course, there is usually so much 
information and so many symbols that this is not all that 
But that is another problemsccccesceee 


Schmitt Trigger 


So far in thie series on Integrated Circuits the Op. 
Amp. has been considered only with Negative Faedback, NFB. 
What is the effect of Positive feedback 7 


This is of course feedback from the output to the 
non-inverting input. With no feedback at all the very 
high gain of the Op. Amp. usually ensures that the output 
will be in a saturated state due to inherent imbalances 
in the input circuitry. There is only a small region of 
input voltage near Ov where the amplifier can in fact 
amplify - this is (4Vsat --Wsat)/A. I+ should be 
remembered that Op. Amp. supplies are normally two-rail 
or positive and negative. 


Positive feedback reduces this voltage range to virtually 
nothing so that the output is always in one saturated state 
or the other and the input voltage range can be considered 
to be a single voltage. Positive feedback does this by 
assisting the input voltage change - causing regeneration. 

A circuit of this type is known as a Schmitt-trigger or 
level-detector. 


The addition of PFB causes a hysteresis effeot which 
means that the input voltage required to change the output 
state is no longer the same voltage for both directions of 


change 


cory 
Lt 
Ri Ry 
a ; 
uy 
i, 
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The voltage at which the change occurs is celled the 
threshold and has the value = Vo... Ri/(Ri + Rf). 


The circuit is useful for sharpening up waveforms such 
as slow pulses and sine waves. 


Simple Bistable or Letch 


The achmitt-trigger circuit forms the basis of a simple 
bistable in which a differentiating input circuit is used. 
This passes only the edges of the input pulses and these 
make the Op. Amp. change state if their voltages exceed the 
threshold levels. The mean level is Ov which is within 
both threshold levels and so to change states alternately 
the trigger pulses must also be alternate in polarity. 


The circuit is useful as a latch or memory. 


CSCILLATORY CIRCUITS 
Relaxation oscilletor or Multivibrator 

A echmitt-trigger type of circuit is partway towards 
being an oscillator — all that is required is a time-constant 
to delay the switching action in a predictable manner. 


Re... Re 


The operation is that the Op. Amp. saturates at some 
voltage tVoo te The voltage at the non-inverting input 


ie then determined by the feedback ratio and is 2Vo +* Ri 

53° hi + RE 
If the Op. Amp. is in positive saturation then the fed 

back voltage is also positive and so C charges positively. 

via R until Ve reaches +Vo,,,. Ri/(Ri + Rr). 


The amplifier output then changes state because the 
inverting input starts to go more positive than the non— 
inverting input. That is , the output goes negative. 

CG then begins to charge towards Vo, -Ri/(Ri + Bf) and so on. 


The period of oscillation i3:- 


20h Log, 1+ Ri/(Ri + Rf) 


= 2CR log, (i + 2Ri/Rf) 
1 = Ri/(Ri + Rf) 


If Ri = Rf then t = 2.2 CR seconds. 


The oscillator can be synchronjsed by inserting narrow 
pulses into the non-inverting input. 


These pulses may be either positive or negative-going 
and will synchronise positive and negative edges respectively. 
It is generally preferable to use only one polarity. 


c R 


The frequency stability with supply voltage is good 
= unlike the common transistor multivibrator — because if 
the supply is, say, halved the the charging current is 
also halved but s0 too is the threshold voltage. The 
switching voltage is therefore reached in about the sane 
time as previously. 


Monostable — 1 


The maltivibrator may be turned into a monostable, or 
one-shot, merely by adding 4 single diode across the capacitor. 
This prevents the circuit from being self-acting in one 
direction. 


Ri yi ad RE 


In this case the voltage across C cannot go more positive 
than about 0.6 V which is arranged to be less than the 
threshold voltage. The trigger pulse is negative-going 
in order to make the output go negative. 

The output will change estate for a time:— 

+ = GR log, (1 + Ri/Re) 

Reversing the diode gives a reversed output pulse and 

the input trigger must also be reversed. 


Monostable — 2 


Another type of monostable can be made in which the 
period is determined by a reference voltage. 


The timing capacitor is placed in the PFR path and 


the output is normally at +O, ats The inverting input 


will be at -Vref (as is the other input), 


The input trigger pulse must exceed Vref in order to 
unsaturate the Up. Amp. i.e. it must be positive-going 
with an amplitude greater than Vref. The output voltage 
change from + Vsat to - Veat is passed via C to the non- 
inverting input and C charges via R until the voltage at 
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the non-inverting input equals Vref. (Vref must be less 
than -Vo sat} 


The period of the output is CR Log, (2V0., ,/vrer) 


snd the output period may be longer or shorter than the 
input trigger pulse. 


Sine-wave Oscilletor 


Sine waves can be obtained from an Op. Amp by using 
a Wien Bridge network. This hes an attenuation of 3 times 
and,a nero phase-shift at the nuli frequency. The frequency 
at regonance is given by 1/2nRC Hz. Atten. = 1/(1 + 2Ri/R2) 


The network has to be placed in the non-inverting 
feeiback loop snd to maintain oscillation the gain of 
the Op. Amp. mast te 3, i.e. R&/Ri in the inverting 
feedback loop mist be 2, The gain mat be precisely 
3 otherwise the oscillstor either will not start or will 
saturate, One way of stebilising the gain at 3 is to 
use a thermistor for Rf (the R53 by STC is suitable) 


cz 


Rt c 
| “~~ Wien Network 
i * 


> 2R 
4 e RE « 2Ri 
For 1 KHz and 3¥ output pp, R=lOK? and C= 16nF, 
24-4700 and RF - B53(thermistor). Both amplitude and 
frequency are stable to within 0.1 #. 


Oryetal Oscillator 


The orystal is used to provide positive feedback 
and resonates in its series mode - spproximately 0.1 % 
low in frequency. The series capacitor will ensble the 
frequency to be raised to the correct frequency. 


0 
Re 


a RE 
Veg oe 
cs 
The following conditions should ba satisfied for 
good- performance :— 


Rl = Ri/BS/(Ri + RE), RP 239M, Re/Ri 1.35 and 
Xo & Rt/500. GY should be about 5 pF for a 5 MHs Xtal. 


MORE USEFUL CIRCUITS —- Rectifiers 

The high gain of an Op. Amp. can be put to use in 
a half-wave rectifier to reduce the forward drop due 
+o a semi-conductor. For a silicon diode this is about 
0.6 V and for a Germanium diode about 0,3 V. If low 
voltage signals are to be rectified,ae in most detectors 


for example, then the mee of the diode curve causes 
considerable distortion, because the output is not linear 
in this region. The ideal diode has no forward voltage 
drop of course. 


Placing the diode in the feedback loop of an Op. Amp. 
effectively divides the forward drop by the open-loop gain. 
and for most purposes it is then negligible. Very low 
amplitude signals can then be detected with little distortion. 


wi Ri RE 


If the input voltage is negative with respect to the 
non-inverting input (earth) then the output of the Op. Amp. 
met be positive and so the diode must be conducting. 

The output voltage is exactly the inverse of the input as 
the diode drop is overcome by the Op, Amp. output being 
that mich more positive than the output point. The 
forward resistance of the diode plus Rfmakes the gain of 
the Op. Amp, greater than unity but the output is atten- 
uated by the same amount due to the inverting input being 
a low impedance. Hence the gain is Rf/Ri as usual. 

It is seen, therefore, that the diode drop is eliminated. 


If the input is positive the the diade is non-conducting 
and the output point potential is that of the inverting 
input which mist be that of the non-inverting input, or OV. 


The output point thus has two values of impedance — 
low or Rf. <A voltege-follower should therefore ideally 
follow a half-wave rectifier. 


A number of half-wave rectifiers can be joined together 
in the usual menner to form full-wave rectifiers, etc., 
merely by commoning the output points. Such a circuit 
gives an output which is the lowest of the inputs. In 
other words, a non-additive mix. This system can be 
useful in s pattern generator, and is in fact an analogue 
NAND gate. 


Constant-current source 


4 constant-current source is one whose impedance 
is high so that the voltage varies whilst the current 
doss not when a variable load is present. One of 
the most common uses for such a source is to charge 
capacitors so as to form a linear sawtooth waveform. 
Another is to form the 'tail' of a long-tailled pair. 
This enables the gain to be kept high. 


The normal method of making a constant—current 
source ia to uSe a transistor as shown, This has 
some disadvantages amongst which are the use of a diode 
to compensate for the forward drop of the transistor 
which varies with temperature, and the fact that the 
current has to be set with a variable resistor HK. 


The Op. Amp. gives us a convenient voltage-variable 
source which is temperature-independant and as an added 
advantage can be given an adjustable impedance. 
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i 
Set-.T. 
Te 
Canatent Region 
(ve) Ve 


The Op. Amp. can be consisdered to have 4 gain of +2 
at the non-inverting input since the NFB resistor is the 
samé value as the input resistor. On the other hand 
there is positive feedback to the same input which is 
attenuated by 2 because of R2 and Rl. Any change at the 
non-inverting inpat is thus accompanied by an identical 
change at the same point due to the Op. Amp, This can 
be considered as a resistor with the Same voltage ai both 
ends - it has infinite resietance. The non-inverting 
input thus exhibits infinite resistance which is the 
condition for a constant-current source. Another name 
for this principle of 100 % feedback is bootstrapping. 


= Ve 
Constant Current 78 


wi Ro . RE 
a Ri ORE 
Re = RE 

Ri RF 


A load connected to the non-inverting input will 
receive a current of +V/RL and although the voltage 
across the load may change, its current will not. 

The maximum input voltage is Vsat/2 because the gain is 
two, The input voltage could be applied via the 
inverting input instead and would then give a negative 
current. 


This circuit provides a convenient way of generating 
sawtooth waveforme as the next diagram showe., The trans=- 
istor is used to discharge the capacitor to start the 
sawtooth. The voltage across the capacitor is directly 
proportional to the current in Rl, which is proportional 
to #V, and so a positive remp results as C charges up. 


The sawtooth level may be detected at a certain level 
by means of a schmitt-trigger cr similar level—dependant 
circuit and the output used to turn on the discharging 
transistor. This results in s free-running generator. 
A-uni-junction transietor could be used too. 


SL Settee 


a. BLL. 
tMPOT 
1; x Ries 
ih 
La 
ov 
Re Rf 


If a bistable is driven from the voltage-detector 
the output can be used tc change inputs to the constant- 
current source 60 that the ramp, instead of being taken 


aown to OV by the switch, Gescends at the same rate as 
it ascended. Another voltage-detector is then used to 
reverse the bistable again, and so on, This generates 
a triangular waveform. This generator can te used for 
pattern generation. 


It is evident that this form of constant—-current 
source is very useful and it has two more sdvantages 
yet. The first is that either positive or negative 
currents may be obtained by positive or negative 
voltage hee impedance ) to Rl or by negative or poritive 
voltage (low impedance) to Ri. The second is that by 
varying the ratios of the feedback arms the linesrity of 
& sawitcoth waveform can te varied in both directions. 
Furthermore, the linearity contrcl is to a large extent 
independant of the amplitude, i.e. it does not cause an 
amplitude change. This system of sawtooth generation 
is therefore ideal for a scan generator. 


Errats 


Two diagrams were interchanged in CQ@-TV 80 in part 10 
of this series, These were the last diagram on page 10 
and the first diagram on page 1l. 


Also in CQ-TV 80 pl0, the differentiatcr gain—limiting 
resistor Ri should be in series with Ci - not parallel, 


Nexu issue 


The next part of this series will examine some more 
uses of Op. AMps., also tetter Cp. Amps. than the 741 
and wiil include some other types of Linear ICs which 
have been held over from this time, 


Tt is also hoped to describe the 7—-segment decoders 
and indicators in the next issue, eg well as Some more 
digital circuitry, 
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POSTBAG 


Chris Long from Victoria, Australia, deacri- 
bes himself as a "dedicated experimenter in 
the field of video electronics". He has 
been interested in this field since the age 
of 14 and his experimental studio now incl- 
udes, among other interesting equipment, 8 
range of mechanical scanning equipment for 
low definition tv. These sre sil based on 
a 32 line standard, and a recent 30 line 
Baird system recording made by Chris on } 
inch tape is now being used by the I.B.A, 
in their "Television Gallery". Although 
interested in high definition tv (he has 
built a 1,500 line flying spot scanner) the 
main interest is low definition television 
(L.D.T.V.) and 8 recent extension of this 
work was a plan to transmit moving 30 line 
pictures from Australia to Britain. Al- 
though supported by the Wireless Institute 
of Australia, the plan was unfortunately 
frustrated by what Chris’ English coll- 
eagues describe as "condescending opposi- 
tion by the 7.8.G.B." in Britain, It is 
now found much less restrictive to carry 
out "transmissions" by means of 4 inch tape 
sent through the post. An attempt is now 
being made to whip up some more interest 

in L.D.T.V. and to get some more people to 
become involved in tape exchanges, 


Franklyn Brooker 9Y4VU S/o Instrument Dept, 


Texaco, Pointe-a-Pierre, Trinidad asks 
B.A.T.C. members to note thet he is avail- 
able on any band for SSTV contacts. 


G, James McKee Jr, WB6ROP from the South- 
ern California ATV Club hes just joined 


B.A.T.C. and has sent us a recent copy of 
their monthly Club Bulletin - thanks Jim! 
The Club has regular meetings - the Dec- 
ember one included as tour of a nearby 
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TACAN, VOR and LRCO station with a lecture, 
followed by an auction of gear. Sounds a 
well orgenised group which could be taken 
as a model for many others, Keep up the 
good work! 


Gareth Evans G8DXY from Bristol has written 
to point out a ghastly editorial error in 


C Q- TV 80; the photograph in the Con- 
vention report allegedly of Nigel Walker 
and his colour equipment is actually one of 
Gareth fiddling with Nigel's colour equip- 
ment! In Gareth's own words "I think a 
small apology is due to Nigel". Too right! 
The Editor humbly apologises to both of you. 


Ladislev Vig from Switzerland has written 
telling us more of his experiments with PIN 
Photodiodes for Flying Spot Scanners. He 
hopes for success along these lines very 
soon, but has heard that phototransistors, 
previously thought to be too slow, may now 
be feasible due to new circuitry developed 
by Siemens. Ladislav has also used the 
GW6JGA/T scan circuit published in C Q - 

T V 78, with some modifications; he has 
added a current amplifier for the scanning 
coils, and also reversed the diode Di, re- 
sulting in negative going blanking at the 
output, to suit his own experiment. For 

a 625 line scan unit he has developed an- 
other unit using a faster LM201 op amp. 


B.W. Smith ZUCJ from Huntley, New Zealand, 


is a new member of B.A.T.C., and tells us 
that he uses the C Q- TV S.P.G, to drive 
his one inch vidicon camera. The S.P.G. 
worked first go he says (well, almost, he'd 
only forgotten one link which had to be re- 
soldered!) and apparently several other peo- 
ple in the area are also building it, one 

of them being ZLiITFX, As Arthur Critchley 
points out in his article, this S.P.G. really 
is being built in large numbers. Let's hope 
it gives you long service, Brian! 
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David Wilkinson of New Eltham, London wrote 


recently with a few topics of interest to 
readers. First, the Multiburet Generator 
circuit printed in C Q - T V 80 had due to 
an oversight, the horizontal cross-straps on 
the three right hand monostables omitted, 
They should be strapped as per the left hand 
ane (but not have an output taken from the 
strap as does the left hand one). Secondly, 
readers may have seen recently adverts for 
an I.C., the XR205 Monolithic Waveform Gen- 
erator; here is some information about it. 

It contains a voltage controlled muitivib- 
rator, & balanced modulator, a buffer ampli- 
fier, and more interesting, provision for a 
sinewave output, This latter facility is 
presumably achieved by applying the triang- 
ular wave output to a suitable diode network, 
Out of curiosity, an attempt was made to use 
this as a video sweeper. It was found that 
the maximum output frequency was ebout 3, 5MHz 
but only a 3:1 sweep range could be achieved. 
(At lower frequencies 10:1 can be achieved). 
Also the output level falls somewhat above 
OWHz, In fairness, this performance is in 
accordance with the data sheet. 


On the subject of the C Q- TV 8S.P.G., 
mention was made in C Q - T V 80, page 13, 
of the difficulty with phase modulation when 
mains locking. This can be greatly improved 
by adding an anti-phase a.c, component from 
the other side of the bistable (see Fig. 18, 
CQ-TV 77, page 11). 


The 47 F should be a reversible type. The 
330 ohm resistor is best adjusted for min- 
imum modulation, The idea came from a 
fairly vintage Sylvania 5.P,G, 


ADVERTS 


EQUIPMENT REGISTRY can help out with your 


problems. If you have surplus gesr, or if 
you want a particular piece of equipment, 
send details (enclosing a stamped envel- 

ope) to Alan Watson who's address is pr- 

inted on page 1. 


ADVERTISING RATES 


Back page £12,00 
Full page £10.00 
Half page & 6.00 


Member's small advertisements ere free; 
a charge of 10p per line is made to non 
member's, 


FOR SALE 

14" Plumbicon scan and focus yokes, Ex-EMI 
cameras. Small quantity in various states 
of completeness. 


One vidicon yoke, 
One staticon (vidicon side-pip) O.K. 


Four 83" CRT's orange long-persistance phos- 
phor(Thorn/AEI M21-13LE or V3190/T13) suitable 
slow scan?) 


Four I0 lens blanking plates and one lens 
mounting ring with gear ring plus host of 
lensy bits. 


Scrap Lektrokit boards with components-— trans- 
istors, etc. Also other scrap boards galore. 


Pair of CRT's 5" x 4" rectangular for viewfin- 
ders. 


One pincushion correctorboard for BRC 3000 
Colour TV. £35,00 


A.W. Critchiey, 
70 Sussex Road, 
Ickenham, Uxbridge, 
Middx. UB10 8PN 
Tel. Ruislip 39148 


Slow scan is the most exciting newcomer since sideband; 


join the renks of sstv'ers now! 


Circuit disgrams and constructional 


ONLY 25p (plus 3p postage) 
from 

B,A.T.C. Club Sales. 
"Kyrles Cross" 

Peterstow 

Ross-on-Wye, 

Herefordshire. 
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This booklet is the first of a series to be published by C Q - TV; 
further issues will be announced in this journal and will include 


a reprint of Arthur Cri tchley's articles on Integrated Circuits. 


send cash, tegether with post and 


pack With order to: 


A.W. Critchley 
7O Sussex Road, 
Ickenham, 


Uxbridge, Middlesex, 


WANTED 


4CX250K Valve. Buy or swop for vidicon, 
photomultiplier or what you want. 

Gordon Shsarpley G6LEE/T 

52 Uliswater Road, 

Flixton, Urmston 

Lancashire. 


TUBES FOR ATV Save £££££ g99S8 send 
list of your ATV tube needs for £££5£ say- 
ing quote to TUBES INTERNATIONAL 

120 Central Building 

Wainwright, Ak. 99782 

U.S.A. 


FOR SALE 

10 x 14, way vision switching matrix. 
Contains multiway switches, relays and 
sockets, needs simple attention to the 
push buttons. Can easily be split into 


smaller units. £12 plus carriage. 


Used 19 inch shadow mask tube, working 


condition. £15 plus carriage. 


David Wilson 

70, Moorshed Road 
Meide Vale 

London W9 114, 
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Club Sales Price List 


Camera Tubes English Electric P849 Amateur Grade £10.50p 
E.M.I. 3677 Amateur Grade £10.00p 
E.M.I. 9728 Amateur Grade £10,00p 
E.M.1I.(integral mesh) 410667 Amateur Grade £ 8,00p 
4% inch Image Orthicon 9564 & 9565 £10,00p 


(older type with "sticky"target) 


Ex studio vidicons. Various types, mostly 


separate mesh. When available £ 5.50p 
Deflector and Focus Coil Assemblies per set £ 7.50p 
Vidicon sockets (pexolin) -17p 
Vidicon sockets (moulded) -25p 
"C" mount in Aluminium for use with cine lens -50p 
931A Sockets (including post & packing) -10p 
Lapel Badges -20p 
Lapel Badges with Call sign(to special order) -30p 
Adhesive emblems (for decorating gear with Club badge) -15p 
Windscreen stickers - 6p 
B.A.T.C. Notepaper and envelopes (100 sheets) £ 4.00p 
B.A.T.C. Reporting Chart (a visusl scale of video noise) - 6p 
E.E.V. Co. Ltd, Camera test charts £1.50p 
Film strips of C Q- TV. 10 issues on each film 
(Please state which decade you require eg. 41-50 etc.) £1.00 
Back nos. of CQ - TV as available Members price -20p 
Non-Members price .25p 
"Slow Scan Television" by B. Arnold G3RHI -25p 


Please send cash, together with post and packing, with order to: 


B.A.T.C, Sales 
"Kyrles Cross" 
Peterstow 
Ross-on-Wye, 
Herefordshire. 


After April 10th, when Value Added Tax comes into effect, there will be a 10% increase 
in the price of most items. This will apply immediately to camera tubes which sre ordered from 
the manufacturers when requested. We shall try to keep prices as low as possible and there 
will be no increase on goods already in stock. As stocks run out however, the new supplies 
will carry 10% V.A.T. and may also carry an increase due to the general upward trend of prices, 
Postages are now a considerable item and you are requested to send something towards the cost 
of postage and packing with the goods you order, Please note that we do NOT intend to issue 


CQ -TV 71 - 80 as @ filmstrip. 


PLEASE NOTE THIS LIST CANCELS ALL OTHERS 


THE 
CROFTON 
CAMERA 
At ee 


Complete kit of parts to construct a good 
performance low cost Vidicon camera. A 
comprehensive construction manual is 
supplied with each kit (available separately 
at 65p). 


Ideal kit for the amateur who wants to 
incorporate his own design mods. Case has 
plenty of room to incorporate additional 
circuitry for a sampling slow scan T.V. camera. 


Size: 4%" x7" x11". Weight: 6%lb. 


Two output sockets (Belling Lee) are provided. 
Two 4 pole changeover slide switches and a 

six way F & E chassis mounted plug, which although not used in the basic 
design, are provided for constructors own use. 


Complete kit, less lens and tube, costs £57.00 plus p.p. £1.25. 


A UHF modulator kit is also available which has been designed to be 
housed within the camera, at £6.00 plus p.p. 30p. 


Used Vidicon tubes available from £3.50 upwards depending upon quality 
p.p. 25p. 


CROFTON ELECTRONICS 
15/17 Cambridge Rd. Kingston-upon-Thames, Surrey KT1 3NG 


